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REVISED LISTING ~ S201 FAR-ULTRAVIOLET ATLAS OF THE LARGE
MAGELLANIC CLOUD

I. INTRODUCTION
Far-ultraviolet imagery of the Large Magellanic Cloud was obtaired

with the Naval Research Laboratory's Far Ultraviolet Camera (Experiment
$201) during the Apollo-16 mission, 21-23 April 1972. This imagery
covered two wavelength ranges, 1050-1600 & and 1250-1600 &, with a
limiting angular resolution of about 3 arc min.

The analysis of the Large Magellanic Cloud imagery was discussed in
I'RL Report 8206, S201 Far Ultraviolet Atlas of the Large Magellanic Cloud
(July 12, 1978) and in a paper published in The Astrophysical Journal

("Distributions of Hot Stars and Hydrogen in the Large Magellanic Cloud,”
15 September 1981). The purpose of the present Memorandum Report is to
present a revised listing of the individual objects or regions in the IMC
which were detected and measured, similar to that in the original Atlas
but with the following improvements and additions:

1. The extinction correction for objects observed in the IMC has been
modified based on recent studies of the IMC interstellar extinction using

the International Ultraviolet Explorer (IUE) satellite. Also, extinction

at the hydrogen Balmer-a (6563 &) wavelength has been taken into account
in the derivation of Hydrogen Index values.
2. More recent Ha observations by Davies, Elliott, and Meaburn (1)
have been included in the Hydrogen Index derivatiomns.
3. The S201 photometry has been compared with 0AO-2 photometry of stars
in common to place the S201 measurements on an absolute scale of ultraviolet

brightness.

II. DATA AND ANALYSIS

The far-ultraviolet images of the large Magellanic Cloud are qualita-
tively useful for determining the spatial distributions of early-type stars
in the IMC without confusion by images of the far more numerous cooler stars
(almost all stars detected in the S201 imagery are of spectral type earlier
than A2; i.e., with effective temperatures above 9000 K). The distribution

of hot stars differs considerably from the general stellar population

Manuscript submitted September 4, 1981.




distribution as reveales by visual imagery; the short (3 min) 1250-1600 A
exposuvre shows the previously known OB associations and clusters, whereas

the longest (30 min) 1250-1600 A exposure shows the general distribution

of hot stars, most of which are less luminous than those in the associations.
Comparison of the UV imagery with Ha and blue imagery (1) indicates that,

for the uost part, the extended nebulosities in the IMC (many of which

are considerably larger than the S201 resolution 1limit) are not conspicuous é
in the far-ultraviolet. This is also indicated by IUE observations of
the 30 Doradus nebula (2) and of local galactic H 1II regions. Thus, the
observed far-UV is presumed to be either direct starlight or starlight
scattered by dust in close proximity to the stars.

CQuantitative analysis of the imagery is, to some extent, complicated
by the effects of interstellar extinction, correction for which is
particularly uncertain in the IMC because of incomplete knowledge of
E(BR-V) and of the extinction vs. wavelength in the IMC. It is known
from ANS and IUE observations that the IMC extinction law is considerably
different from that applicable in the local regions of our galaxy and

shows large varlation with position in the IMC (3).

Ultraviolet Photometry

The procedures usad for the reduction and processing of the S201
electrographic imagery have been presented in detail in our Far Ultra-
violet Atlas of the Large Magellanic Cloud (NRL Report 8206) and in the
Revised 5201 Catg}ggﬁof Far Ultraviolet Objects (NRL Report 8487). 1In

summary, for any ildcatifiable image, the integrated intensity is propor-
tional to the density volume V = l(dL-bL). Here, di and by, are the

optical densities Dy and By (as measured by the PDS microdensitometer used

to scan the films) times 100, of each pixel in the image and in background
areas near (but outside) the image, respectively; the sum is over all

pixels detectably above the adopted background. The subscript L indicates
that the densities have been corrected for nonlinearities of the emulsion

and microdensitometer. The density volume can then be reiated to ultraviolet
brightness by reference to preflight calibrations of the instrument and/or
comparison of observations of objects in common with other photometrically

calibrated observations, such as thouse of 0AO-2 (4). Ve have determined,
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through comparison of our preflight calibration predictions with OAO-2
measurements by Code et al. (4) that the absolute sensitivity of the 5201
camera was probably a factor of 1.5 (0.45 stellar magnitudes) less, at
the time of the observations, than predicted by our preflight calibrations.
In the IMC, determination of the UV brightnesses of individual
objects is difficult, because of the limited resolution of our imagery
and because of the multitude of field stars against which an individual
object must be observed. This makes determination of the true background
which should be subtracted from the measured density, in determinations
of the density volumes, very uncertain. However, contour plots such as
those in the Atlas (NRL Report 8206) give useful measurements of the
ultraviolet brightness distribution over the face of the IMC, which are
significant to studies of the interstellar medium in the IMC (photo-
ionization and photodissociation equilibria of many interstellar species
are largely controlled by the stellar ultraviolet radiation field longward
of 912 &) and which, in conjunction with other determinations of stellar
spectral type or effective temperature, provide indications of the distri-
bution of dust extinction over the IMC. In areas where the individual
stellar contributions cannot be resolved, the local surface brightness
(above sky background outside the IMC) may be useful for some purposes.
Based on our preflight calibrations, a density above background of 0.1 D
corresponds to an intensity of 1.89 x 106 photons/cm2 sec sterad at the
effective wavelength (1400 &) of the camera with CaFy corrector (wave-
length range 1250~1600 A). For a flat continuum extending over the
camera effective passband of 250 A, this corresponds to 7.56 x 103
photons/cm? sec A sterad (1.07 x 10~/ erg/cm? sec & sterad).

We obtained a measure of the total UV brightness of the IMC in the
1050~1600 & and 1250-1600 & bands by summing the densities above sky
background of all pixels in the IMC region of each frame. The contri-
butions of seven SAO stars were subtracted. The total brightness
of the IMC (based on our preflight calibrations) in the 1250-1600 &
wavelength range (A ¢¢ = 1400 R) 1s 220 photons/cm2 sec & or Fiu00 ™

2,12 x 10-° ergs/cm2 sec 8. This corresponds to a UV magnitude, in
the system of Code et al. (4), of mj400 = 0.23. In the 1050-1600 &
range (Agee = 1300 ) the corresponding UV magnitude is mjagg = 0.13.




Averaged over the apparent angular size of the IMC on our image (about
6° diameter, or 9 x 1072 sterad) the mean surface brightness is S;,45q =
2.6 x 10% photons/cm2 sec & sterad (3.4 x 10~7 ergs/cm2 sec & sterad), and
S1300 = 2.5 x 10% photons/cm2 sec A sterad (3.8 x 10_7 ergs/cm2 R sterad).
These measurements include both direct and dust-scattered starlight
(we assume that nebular emission lines make a negligible contribution to
the total UV brightness). As mentioned earlier, use of the 0OA0O-2 photometry
as a reference standard will increase the above intensity by a factor of
1.5. Except for a minor correction due to interstellar extinction within
our galaxy in the line of sight to the IMC, this gives an indication of
the local stellar radiation field, on the average, within tke IMC. The
average surface brightness at 1400 & corresponds to a radiation density of

4r g 0716

Y1400 = = S1400 = 1-4 % 1
estimates of the radiation field within our own galaxy of about 10-16

ergs/cm3 X at 1400 & by Witt and Johnson (5) and about half this

ergs/cm3 R. This may be compared with

value predicted by Henry (6).
In the Revised Listing (Appendix B), we present our best estimates

of the L'V brightnesses of individual objects'(actually, individual bright-
ness peaks in our imagery) above the local background (defined: individually
for each brightness peak). The net density volume divided by exposure, V/E
(uncorrected for interstellar extinction) is a direct measure of the ultra-
violet brightness, as discussed in the next section. These V/E values can
be converted into absolute ultraviolet magnitudes, as discussed in the
Revised S201 Catalog, using the relationships

m, = 14.13 - 2.512 1g (V/E)L

me = 13.18 - 2.512 1g (V/E)¢
Here, subscript L indicates exposures in the 1050-1600 & wavelength range
(LiF corrector, effective wavelength 1300 &), which in the IMC included

Frames 124 (1 min exposure) and 125 (3 min exposure). Subscript C
designates exposures in the 1250-1600 & range (CaF, corrector, effective
wavelength 1400 &), which includes Frames 129 (10 min exposure) and

130 (3C min exposure).

Hydrogen Index

In the Atlas we derived a "hydrogen index" (hereafter H Ind) as

the ratio of Ha flux, HA, to far-UV flux, UF (corrected for dust extinction),

4




at over 100 places in the IMC. This index was first presented as a rough
measure of the hydrogen near hot stars or star groups detected nn our far-UV
images. That is, if the ionizing extreme-UV (A < 912 &) flux is assumed
roughly proportional to the far-UV flux, then the intensity of Ha emission
is related to the local hydrogen density. Here, we present a revised deter-
mination of H Ind and its variation over the IMC, using a more recent
determination of the IMC extinction law, allowing for extinction at Ha as
well as in the UV, and utilizing additional data on the Ha brightness
distribution in the ILMC.

The far-UV flux values are proportional to the measured density

volume, V (corrected for nonlinearities and background) divided by the

t exposure time, E, in minutes. As shown in the Revised $201 Catalog of
) ' Far-UV Objects (NRL Report 8487), a density-volume
V=0.037 n (1)

where n is the number of photoelectrons forming the far-UV image. Thus,

V/E = 6.17 x 10™* n per sec (2)
where E is the exposure time in min, and n/sec is related to the photons
arriving each sec from the object. The detection efficiency (photo-
electrons per photon, based on preflight calibrations) of the S201 Camera
in the imaging mode averages 0.05 over the range 1050-1600 & with the LiF
corrector, and 0.04 over the range 1250-1600 & with the CaFy corrector.

Hence, the photon flux in these wavelengths is

0, /0.05(30.0) = 1.08 x 103 (V /E) photons/sec cm?

Ny for 1300 & + 250 &, (3)

and

1.35 x 10% (V,/E) photons/sec em? for 1400 & + 150 R,  (4)

Ne = nc/0.04(30.0)
where 30.0 cm? is the aperture area of the S201 camera. Since these
photons each carry 1.52 x 10-11 erg and 1.42 x 10-11 erg respectively,
the far-UV fluw is

F, = 1.64 x 1078 (V,/E) erg sec”l cm™2 (5)
and

F. = 1.92 x 1078 “l p72

c =1 x (VC/E) erg sec cm ‘. (6)

These were corrected for interstellar extinction, based on previous
estimates (7) of the visual reddening (RE = E(B~V)). In order to estimate

reddening for all our measurements of V/E, for which specific values of

RE were not available, we plotted Lucke's (7) RE values and sketched in
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contour lines (see Fig. 1). Although Lucke's 81 measured values are good
to + 0.05, corresponding to + 16 to + 17Z in corrected ultraviolet flur, UF,
there is inevitably some uncertainty in the interpolated values of RE, due
to small scale variations in the extinction at a given distance, and the
uncertainty in distance to an object along the line of sight. The stellar
associations for which Lucke determined RE may lie in front of or behind
far-UV objects with nearly the same celestial coordinates. However, it

is highly likely that an LH cluster and an associated Fenize nebula are

in close 3-dimensional proximity.

In the Atlas, we used the "average"” galactic interstellar extinction
curve of Bless and Savage (8). However, measurements with the ANS satellite
(9,10) in the . Doradus region, and with IUE (3) there and elsewhere in
the IMC indicate a higher ratio of far-UV extinction to E(B-V) in the
IMC than is typical in the local region of our galaxy (see Figure 2).

Using the extinction curve of Ref. (3) with A = 3 E(B-V) + E(A-V),
we have, for effective wavelengths of 1300 & (LiF corrector) and 1400 &
(CaFy corrector), E(1300-V)/E(B-V) = 8.97 and E(1400-V)/E(B-V) = 7.09.
Therefore, the ultraviolet fluxes corrected for reddening are
vr, = £ 10%-8 RE (7
UFg = F, 10%:0 RE (8)

As expected, UFy values for an object are generally larger than the
UFc values because of the wider bandpass and larger extinction correction
at the effective wavelength of 1300 8. The scatter in the LMC extinction
curve of Nandy et al. (3) is about 0.2 mag. The extinction correction
at Ha is assumed to be Agsg3 = 2.5 RE; hence the corrected Ha flux is
UHA = HA-10RE | approximately, where HA is the Ha flux as measured by
Henize et al. (11,12) in units of 1074 erg/cm2 sec sterad. The HA
values given here are often summed for several close H II regions that
could not be separately resolved on our S201 photos. For instance,

N180A-C means the summed flux from N180A, N180B, and M180C. 1In order to
get a single hydrogen index representing all measurements of a given
object, we averaged the values for two ILi frames with 1/2 the values

for two ICa frames:

H Indy = UHA/UFL D)

H Indc = UHA/UF¢ (10)

B Ind = (H Indyy + H Indyp + 1/2 H Indgy + 1/2 H Indgp)/4 11
6
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The major errors in V/E, UF, and H Ind are due to uncertainty in

background, b. As can be seen from the isodensity contour plots in the

Atlas, many of the objects measured are in regions where the background

densitv is changing. The local background was estimated on mosaics of
d, taking the first minimum in d in each of four directions from the
peak density, along +x, +y, -x, and -y, and averaging these to get b.
The background is high and posed the most difficulties on the 3-min ILi
exposure, frame Al25.

The HA values are probably good to + 10%, although values near zero
are subject to larger percentage errors. In fact, DEM, in a careful
survey of a 5-hour exposure with the SRC 48-inch Schmidt camera using an
interference filter with 100 & bandpass centered on Ha and [NII], found
the faint Henize H II regions much larger, and detected 1C0O more, most of
them fainter than Henize's limit. They give no quantitative measurements
of brightness, but use the steps vf (very faint), f (faint), fb (fairly
bright), b (bright), and vb (very bright). We calibrated this scale
against HA by assigning the numbers vf =1, £ =2, fb =2, b =5, vb = 10,
and multiplyiﬁg by the dimensions given in arc-min. For instance, a
faint (f) nebula of size 3.5' x 2' has a brightness (arc—min)2 of 2 x 3.5
x 2 = 14. Fig. 2 is a plot of these values against BA for 64 cases where
the DEM dimensions are roughly the same as Henize's. To a fairly good
approximation,

DEM brightness (arc-min)2 = 3 HA. (12)
Using this calibration, we could f111 in 227 B II regions at positions
in the IMC where we had measured far-UV flux, leaving out only 19 DEM
objects of the total of 356. (These positions were all searched on our
mosaics.)

In the Revised Listing (Appendix BR), we list density volumes for 473

objects or regions in the IMC. We also list values of UF, defined here as

simply the density volumes corrected for extinction as per Equations 7

and 8. (True LF values, in ergs/sec cm2, can be obtained by multiplying
by the factors 1.64 x 1070 for F, and 1.92 x 1078 for F, respectively.)
Likewise, the H Ind values are the corrected density volumes divided by
UHA. Figure 4 is a contour plot of H Ind (times 100), individual values
of whbich are given in the Listing.

We thank Dr. Xarl Henize for useful discussions. This work was

supported, in part, bv MASA Grant NASW-3023 to T.P.
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Figure 1

Contour plot of E(B-V) in the IMC, based on values given by Lucke (7).
These were used for correcting the far-UV and Ha brightnesses for
interstellar extinction using the curve of Nandy et al. (3) in Fig. 2.
Superimposed on the plot is an approximate RA-DEC (1950) grid, with

north to the right.
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Figure 2

Interstellar extinction curves typical of the local regions of our
galaxy (8) and for the 30 Doradus region of the IMC (3). C and L
indicate the effective wavelengths of the S201 imagery with CaF,
corrector (1400 &) and with LiF corrector (1300 R).
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Plot of our estimates of Ha brightness x (arc min)2 for emission nebulae
observed by Davies et al. (1) vs. Ha brightnesses of Henize et al.
(11,12) for objects in common.
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Contours of the Hydrogen Index (times 100) in the Large Magellanic
Cloud. Contour lines are for 100 H Ind = 10, 20, 50, and 100. The
vertical and horizontal axes are as for Fig. 1.




Appendix A
1 S201-ATLAS-LISTING TAPE AND LINEARIZED-DENSITY-MOSAIC TAPES

The listing in Appendix B of this Atlas is available on seven-track,
800-bit-per-inch, odd-parity tape. The tape was written on a Univac 1110
computer under the EXEC VIII operating system using Fortran-formatted
write statements. Thus the file structure is of the Univac SDF sequential
formatted record type. A more detailed description of this format can be
found in the Sperry Univac 1100 Series Fortran V Library Programmer Reference
(UP-7876).

There is one data file on this tape, consisting of 1796 data records
of 132 field data characters each. The first data record contains a title
line, "REVISED S201 FAR-UV ATLAS OF THE LARGE MAGELLANIC CLOUD.” This
is followed by a 132-character line of column headings, as in Appendix B
(but not repeated). The meanings of the remaining 1795 data records are

) given in Tables Al and A2. To accommodate groups of LH objects (see text),
there is a different line format for them (Table A2). Character 31 speci-
fies the group—data-line format.

hardware end-of-file mark. Table A3 gives a simple Fortran program for
reading the Atlas tape. The tape has been checked for errors, using
this program.

' The Atlas tape file ends with a software end-of-file mark and a

Two linearized-density-mosaic tapes provide the mosaics of Dy values
used in summing density volumes from frames Al24 and Al25 (on one tape)
and Al129 and A130 (on the other tape). These two tapes were written on a
Univac 1108 under the EXEC II operating system, and each contains two
files, one for each frame, covering the area from x = 475 to x = 986 and
from y = 381 to y = 830. Each file ends with a software end-of-file mark
and a hardware end-of-file mark. The simple Fortran program in Table A3
will print ovt the mosaics in convenient form. The mosaics are each 145
pages long; in pairs (290 pages) they require larger-than-normal storage.

Other programs can be written for listing single Lucke-Hodge objects,
selecting characters 68-72 with no parentheses and no asterisk in 30,
for listing Henize nebulas, selecting characters 91-98 with no parentheses,
and for listing unidentified objects, selecting double minus characters
119-120 and parentheses or nothing in 68-76 and 91-97.




Table Al -~ Meanings of Characters in a Normal Data Line

Characters

Meaning (digits right-justified)

2-4

76-79
81-84
L 26-89
' 91-98

98-102

105-109
110
111-120

119-124
125

126-129
131-132

Frame number

x raster coordinate

y raster coordinate

Hours of right ascension

Separator (:)

Minutes of right ascension rounded to tenths

Degrees of declination

Separator (:)

Arc-minutes of declination

x-raster interval summed (*X)

X (times)

y-raster interval summed (*Y)

An asterisk (*) indicates that area *X*Y is not rectangular

Peak density at center of image (P)

An asterisk (*) indicates P is not a maximum

Background density (BG)

Density volume of area summed (V)

Exposure time in miuutes (E)

Filter type (L or C)

Density volume divided by exposure time (V/E)

An asterisk (*) indicates that the density exceeds 600

Reddening, RE = E(R-V), in magnitudes, rounded to hundredths

An asterisk (*) indicates an RE value observed by Lucke

Unreddened UV flux (UF)

LH followed by one~ to three-digit numbers are LH ob jects,
parentheses mean that the Lucke-Hodge area overlaps the
area summed; SAO followed by six digits means a foreground
star near the area summed

North~south extent of LH object in arc-minutes rounded to tenth

East-west extent of LH objects in arc-minutes rounded tc tenths

Mumber of blue stars in LH object (BS)

Numbers and letters of Henize nebula or nebulas (N NO.);
parentheses mean that the nebula area overlaps tne LH
area summed; D followed by two- to three-digit numbers
are DEM objects (Ref. 1)

Ha flux in units of 10~“ erg/s * cm2 * sterad, rounded to
tenths, from Fenize nebula or nebulas or DEM object (HA)

Hydrogen index, H IND. = HA/UF, rounded to hundredths

An asterisk (*) indicates an uncertain H IND. value; V < 10

Numbers separated hy a comma or dash are NGC numbers associ-
ated with the LH object; in one case the number starts
with IC; in a few cases an LH number in parentheses or an
SAO number in parentheses indicates overlaps

Six-digit number of an SAO star

A query (?) indicates an uncertain SAO identification; the
letter H (one case) indicates that the number is in the
HD Catalog; MC followed by a two-digit number is a radio
source in the MC catalog (Ref. 13). 1If followed by SNR,
the radio source has been identified as a supernova remnant

Visual magnitude of an SAO star, rounded to tenths (M)

Letter and digit for spectral tvpe of an SAO star (SP)
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Table A2 -

Meanings of Characters in a Group Data Line

Characters Meaning (digits right-justified)
2-4 Frame number
6-8 x raster coordinate
10-12 y raster coordinate
14 Hours or right ascension (R.A.)
15 Separator (:)
16-19 Minutes of right ascension rounded to tenths
21-23 Degrees of declination
24 Separator (:)
25-26 Arc-minutes of declination
28-30 Number of pixels summed in a group of LH objects
31 An asterisk (*) indicates a group data line
34-36 Peak density at center of group image (P)
37 An asterisk (*) indicates that P is not a maximum
3840 Background density (BG) -
42-46 Density volume in the group area summed
48-49 Exposure time in minutes
50 Filter type (L or C)
52-56 Density volume divided by exposure time (V/E)
57 An asterisk (*) indicates that the density exceeds 600
58-60 Reddening, RE = E(B-V), in magnitudes, rounded to hundredths
61 An asterisk (*) indicates an RE value observed by Lucke
62~66 Unreddened UV flux (UF)
68-77 LH followed by one- to three-digit numbers that are separated
by commas are LH objects in the group
79-82 Total area of the LH group in (arc-min) rounded to tenths
83 An asterisk (*) indicates a group
86-88 Total number of blue stars in the LH group (BS)
a1-98 Numbers of Henize nebulas ovrelapping the LH group
111~-117 NGC numbers associated with LH objects in the group

Table A3 - Simple Fortran Program for Reading the

IMC Atlas and Mosaic Tapes

Line

1 DIMENSION LINE (22)

2 REWIND 1

3: 5 READ(1,1000,FND=100) LINE
4: 1000 FORMAT (2246)

5: WRITE(6,1000) LINE

6 GO TO 5

7 100 STOP

8 END

P P
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Appendix B

§201 ATIAS LISTING OF FAR-UV ORJECTS IN THE AREA
OF THE LARGE MAGELLANIC CLOUD

The 5201 Atlas listing contains 473 far-UV objects in the IMC area,
each detected on one or more of the four frames: Al24 (l-min ILi
exposure), Al125 (3-min ILi exposure), Al129 (10-min ICa exposure) and
A13C (30-min ICa exposure). There are 26 columns, listing data from
four other catalogs, as well as S201 measurements of far-UV flux from
122 Lucke-Hodge associations [19] with associated NGC objects, from 156
Fenize nebulas [17], and from 20 SAQ0 foreground stars [24). The column
entries are defined as follows, with asterisks on column entries flagging

peculiar entries as noted.

FR. S201 Apollo frame number

b4 x coordinate in the PI'S microdensitometer scan

Y y coordinate on the PDS microdensitometer scan

R.A. right ascension for the 1950 epoch in hours and minutes (to

tenths of minutes), obtained from the LH, Henize, or SAQ
catalog for objects therein and from the xy coordinates

for unidentified objects
DEC. declination for the 1950 epoch in degrees and arc~minutes,
ohtained from the LH, Henize, or SAQ catalog for obiects

therein and from the Xy coovdinates for unidentified obijects

*X number of pixels summed along the x axis, centered at X

16




*Y

V/E

RE

number of pixels summed along the y axis, centered at Y.

A multiplication sign between the two values *X and *Y
indicates that the cataloged size of the object is matched
by an area AxAy in units of the area of one pixel; an
asterisk indicates that the aAxpy area is not a rectangle

but is slanted or curved. For grouped images the total
number of pixels summed is listed as a single value followed
by an asterisk, instead of being listed as a product of two

values.

The central (peak) density of the image, corrected for nonlinear
response but not for PDS lag. An asterisk indicates that the

image center (pixel at x,y) is not a density maximum.

the local background density, obtained by averaging the four
density values on the centers of the four sides of the
rectangle AxAy from the mosaic of density values corrected
for nonlinear response. In some images BG has a l/2-density-
unit remainder, and the listed value has been rounded upward

to a whole number and is 1/2 density-unit high.
density volume = ) (D-BG) over the summed AxAy

exposure time, in minutes, and filter (L = LiF, with passband
1050 to 1600 &; C = CaFy with passband 1250 to 1600 })

density volume divided by exposure, a measure of the flux reach-

ing the S201 camera. An asterisk indicates densities > 600.

color excess in magnitudes. An asterisk indicates values
measured by Lucke [20]; other values are interpolated from
the contour plot, Fig. 14. Lucke's values of E(B-V) in the
IMC have been increased by 0.05 magnitude for foreground
reddening (Borgman et al. [10,11}).

17




UF

LE NO.

SIZE

RS

N NO.

L Yo,

HA

density volume V/E corrected for extinction based on RE.
A dash indicates a value of V/E < 0. For ILi frames UF =
(V/E)104-8(RF) | For ICa frames UF = (V/E)10%4-0(RE),

number of association or cloud in the Lucke-Hodge catalog
{14]. DMumbers in parentheses are assumed to be associated
with the Henize nebulas listed under N NO. or are other,
overlapping LH numbers. In 23 cases, groups of two or more

LP numbers are listed.

dimensions of the LH association or cloud in arc-minutes
north-south (along scan x) and east-west (along scan y).

The summed area AxAy was generally one raster larger in each
dimension to allow for the S201 camera resolution of 3 arc-
minutes. (Cne raster = 33 um on the film = 1.19 arc-minutes
in the sky.) 1In 37 cases the area published by Lucke ({7]
does not agree with these dimensions, which are presumably
only rough estimates. For grouped images the total area in

(arc~minutes)? is listed, followed by an asterisk.

Number of blue stars (Lucke's count [20]) in the LH association

or cloud

number of a nebula in the Fenize catalog [17]. 1In many cases,
the summed area AXAy corresponds to several Henize nebulas;
for example, 77A-E means N77A and N77B and N77C and N77D

and N77E; 8, A means N8 and N8A and 26, 27 means N26 and N27.
These combinations were selected after plotting the nebula
positions and dimensions on a mosaic of density vs x,v. The

N numbers in parentheses are near unidentified images (density

maxima on two or more frames).
numbers of NEM objects, Ref. 1

Fenize's Ha intensity estimate calibrated by Dougherty, Henize,

and Aller [12) in Ha=flux units of 1074 erg/s em? sterad

18




HA (cont.)

H IMD.

NGC NO.

SAC NO.

MC NO.

SP

summed for all nebulas listed under N NO. Their calibration

was as follows: Henize "T" = 1.0 X 1074 erg/s cm? sterad pixel,
Henize “1" = 2.0 X 10~% erg/s cm? sterad pixel, Henize "2" =

4.5 X 104 erg/s cm? sterad pixel, Henize "3" = 7.0 X 1074

erg/s em? sterad pixel, Henize "4" = 9.5 X 1074 erg/s cm? sterad
pixel, Henize "5" = 12.0 X 104 erg/s em? sterad pixel. Hence,
the Ha intensity of N5, Henize "Int 2,” dimensions 199 by 202
arc-seconds, or 2.8 X 2.8 pixels, is 4.5 X 104 (2.8 ¥ 2.8) =
35.2 X 1074 erg/s em? sterad. For N77A-E, the contributions

of the five overlapping parts are 1.80 + 1.40 + 0.63 + 5.67 +
98.2 = 107.7, and the dimensions are 299 by 370 arc-seconds,
corresponding to Ax = 5.2 pixels and Ay = 4.2 pixels. The
summed area is 7 X 6 pixels, to allow for the S201 camera resolu-

tion.

hydrogen index, the ratio HA/UF, or Ha flux per unit of
unreddened far-UV flux. A dash indicates that the measured UF
is zero or negative (due to measurement errors); an asterisk

indicates an uncertaln value because V is low.

objects in Dreyer's "New General Catalogue of Nebulae and
Clusters of Stars” (Mem. R.A.S. 32, Part 1, 1888) associated
with LH associations or clouds. When more than two are listed

by Lucke and Hodge, only the first and last are listed here.
number of a star in the Smithsonian Astrophysical Observatory
catalog identified with a measured image. In one case

(R.A. = 5:32.2) a number from the Henry Draper Catalog is given,

followed by H.

number of radio sources in the MC Catalog (Ref. 13). If followed

by SNR, identified as supernova remnants.
visual magnitude from the SAO catalog

spectral type from the SAO catalog
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REVISED LISTING - $201 FAR-ULTRAVIOLET ATLAS OF THE

LARGE MAGELLANIC CLOUD

Please replace pages 5 through 8 in your copy of this document with the
attached corrected versions (equations 2 through 6 of the original are
incorrect). Also, in the paper "Distributions of Hot Stars and Hydrogen
in the Large Magellanic Cloud” by T. Page and G. R. Carruthers (Astropbysical

N7 72

Journal, 248, 206, 1981) equations (2) through (6) should be corrected as
indicated herein. The next to last paragraph on page 7, as corrected in
the attached, also applies to the discussions of UF and H Ind in that
Reference and its contained Table 1.
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at over 100 places in the IMC. This index was first presented as a rough

measure of the hydrogen near bot stars or star groups detected on our far-UV
images. That is, if the ionizing extreme-UV () < 912 &) flux is assumed
roughly proportional to the far-UV flu, then the intensity of Hyg emission
is related to the local hydrogen density. Here, we present a revised deter—
mination of H Ind and its variation over the IMC, using a more recent
determination of the IMC extinction law, allowing for extinction at Ha as
well as in the UV, and utilizing additional data on the Ha brightness
distribution in the IMC.

The far-UV flux values are proportional to the measured density
volume, V (corrected for nonlinearities and background) divided by the

exposure time, E, in minutes. As shown in the Revised 5201 Catalog of

Far-UV Objects (NRL Report 8487), a density-volume

V=0,037n (1)
wvhere n is the number of photoelectrons forming the far-UV image. Thus,
V/E =2.22 n per sec (2)

where E is the exposure time in min, and n/sec 1s related to the photons
arriving each sec from the object. The detection efficiency (photo-
electrons per photon, based on preflight calibrations) of the S201 Camera
in the imaging mode averages 0.05 over the range 1050-1600 £ with the LiF
corrector, and .04 over the range 1250-1600 & with the CaF, corrector.

Hence, the photon flix in these wavelengths is

N = nL/O.05(3O.O) = 0.300 (VL/E) photong/ sec cm2 for 1300 & + 250 &, (3)
and
No = ng/0.04(30.0) = 0.375 (Vo /E) photons/sec em? for 1400 & + 150 &, (4)

where 30.0 em? is the aperture area of the S201 camera. Since these
photons each carry 1.52 x 10~11l erg and 1.42 x 10711 erqg respectively,
the far-UV flw 1is

F o~ 4.92 x 10710 (v, /E) erg sec”! em™2 (5)
and
Fg = 5.33 x 10710 (V. /E) erg sec™! en™2. (6)

These were corrected for interstellar extinction, based on previous
estimates (7) of the visual reddening (RE = E(B-V)). In order to estimate
reddening for all our measurements of V/E, for which specifir values of

RE were not available, we plotted Lucke's (7) RE values and sketched in

wn
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contour lines (see Fig. 1). Although Lucke's 81 measured values are good

to + 0.05, corresponding to + 16 to + 17% in corrected ultraviolet flux, LF,
there is inevitably some uncertainty in the interpolated values of RE, due
to small scale variations in the extinction at a given distance, and the
uncertainty in distance to an object along the line of sight. The stellar
associations for which Lucke determined RE may lie in front of or behind
far-UV objects with nearly the same celestial coordinates. However, it

is highly likely that an LH cluster and an associated Henize nebula are

in close 3-dimensional proximity.

In the Atlas, we used the "average” galactic interstellar extinction
curve of Bless and Savage (8). However, measurements with the ANS satellite
(9,10) in the 30 Doradus region, and with IUE (3) there and elsewhere in
the IMC indicate a higher ratio of far-UV extinction to E(B-V) in the
IMC than is typical in the local region of our galaxy (see Figure 2).

Using the extinction curve of Ref. (3) with Ay, = 3 E(B-V) + E(A-V),
we have, for effective wavelengths of 1300 & (LiF corrector) and 1400 }
(CaFg corrector), E(1300-V)/E(B-V) = 8.97 and E(1400-V)/E(B-V) = 7.09.
Therefore, the ultraviolet fluxes corrected for reddening are
vr, = F, 1048 RE (7)
UF, = Fg 10%:0 RE (8)

As expected, UFy values for an object are generally larger than the
UFc values because of the wider bandpass and larger extinction correction
at the effective wavelength of 1300 R. The scatter in the IMC extinction
curve of Nandy et al. (3) is about 0.2 mag. The extinction correction
at Ha is assumed to be Ag563 = 2.5 RE; hence the corrected Ha flux is
UHA = HA-10RE, approximately, where HA is the Ha flux as measured by
Henize et al. (11,12) in units of 104 erg/cm2 sec sterad. The HA
values given here are often summed for several close H II regions that
could not be separately resolved on our S201 photos. For instance,

N180A-C means the summed flux from N180A, N180B, and N180C. 1In order to
get a single hydrogen index representing all measurements of a given
object, we averaged the values for two ILi frames with 1/2 the values

for two 1ICa frames:

H Ind; = UHA/UFy (9)
H Indc = UHA/UF¢ (10)
H Ind = (H Indyy + H Indyp + 1/2 H Indgy + 1/2 H Indgo)/4 1n




The major errors in V/E, UF, and H Ind are due to uncertainty in

background, b. As can be seen from the isodensity contour plots in the
Atlas, many of the objects measured are in regiomns where the background
density 1s changing. The local background was estimated on mosaics of
d, taking the first minimum in d in each of four directions from the
peak density, along +x, +y, -x, and -y, and averaging these to get b.
The background is high and posed the most difficulties on the 3-min ILi
exposure, frame Al25.

The HA values are probably good to + 107, although values near zero
are subject to larger percentage errors. In fact, DFM, in a careful
survey of a 5-hour exposure with the SRC 48-inch Scimidt camera using an
interference filter with 100 & bandpass centered on Hyg and [NII], found
the faint Henize H II regions much larger, and detected 100 more, most of
them fainter than Henize's limit. They give no quantitative measurements
of brightness, but use the steps vf (very faint), f (faint), fb (fairly
bright), b (bright), and vb (very bright). We calibrated this scale
against HA bv assigning the numbers vf =1, £ = 2, fb = 3, b = 5, vb = 10,
and multiplying by the dimensions given in arc-min. For instance, a
faint (f) nebula of size 3.5' x 2' has a brightness (arc—min)2 of 2 x 3.5
x 2 = 14, Fig. 3 1s a plot of these values against FA for 64 cases where
the DEM dimensions are roughly the same as Henize's. To a fairly good
approximation,

DEM brightness (arc-min)2 = 3 HA. (12)
Using this calibration, we could fi11 in 227 H II regions at positions
in the IMC where we had measured far-UV flux, leaving out only 19 DEM
objects of the total of 356. (These positions were all searched on our
mosaics.)

In the Revised Listing (4ppendix P), we list density volumes for 473

objects or regions in the IMC. We also list values of UF, defined here as

simply the density volumes corrected for extinction as per Equations 7

and &, (Trwe UF values, in ergs/sec cm2, can be obtained by multiplying
by the factors 4.92 x 10719 for F, and 5.33 x 10710 gor Fo, respectively.)

Likewise, the H Ind values are the corrected density volumes divided by
UHA. Figure 4 is a contour plot of H Ind (times 100), individual values
of which are given in the Listing.

We thank DPr. Karl Henize for useful discussions. This work was
supported, in part, by MNASA Grant NASW-30223 to T.P.
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